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^\ English translation of Japanese Publication No, Hei 8-4015 

$y [Title of the Invention] 

ORGANIC ELECTROLYTE SECONDARY BATTERY 

[Scope of the Claim for Patent] 

[Claim 1] An organic electrolyte secondary battery 
comprising a negative electrode, a positive electrode and an 
organic electrolyte having lithium salt dissolved therein, in 
which succinic anhydride is added to the organic electrolyte. 

[Claim 2] An organic electrolyte secondary battery as 
defined in claim 1, wherein the addition amount of succinic 
anhydride to the organic solvent constituting the organic 
electrolyte is from 1:10 to 30:10 by a molar ratio. 

[Detailed Description of the Invention] 
Industrial Field of Use 

This invention concerns an improvement for an organic 
electrolyte secondary battery using lithium or the like for 
the negative electrode and, more in particular, it intends to 
improve the overdischarge characteristic of the battery by the 1 
improvement of the organic electrolyte. 
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Prior Art 

Studies have been conducted vigorously for organic 
electrolyte secondary batteries using electrodes prepared 
fr^p m-hin m o r lithium alloy for a negative^e lectrode^and by ^ 
mixing a carbon powder such as acetylene black as a conductive 
agent to titanium disulfide (TiS 2 ), manganese oxide (Mn0 2 ) or 
dichromium pentoxide (Cr 2 0 5 ) as an active material for a 
positive electrode. In the batteries described above, organic 
electrolytes formed by dissolving lithium perchlorate (LiCl0 4 ) 
or lithium hexachloro arsinate (LiAsF 6 ) as a lithium salt to 
an organic solvent formed by mixing carbonates such as 
propylene carbonate (PC) or ethylene carbonate (EC) with ethers 
such as dimethoxyethane (DME) or 2-methyltetrahydrof uran 
( 2-Me-THF) have been used. 

Problems to be Solved by the Invention 

Existent PC has high dielectric constant and large 
ability of ionically dissociating lithium salts such as LiC10 2 
but since the viscosity of PC itself is high,- lowering of 
voltage or lowering utilization of a positive electrode occurs 
upon high rate discharge in a battery using PC for the organic 
solvent of the organic electrolyte. On the other hand, ethers 
such as DME or 2-Me-THF have low viscosity but .since the 
dielectric constant is low, they can not ionically dissociate 
the lithium salt such as LiClO, at a sufficient rate and lowering 
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of cell voltage or lowering of utilization occurs upon high 
rate discharge in the organic electrolyte secondary battery 
using the organic solvent described above . In view of the above, 
carbonates such as PC and EC and ethers are mixed to obtain 
sufficient ionic dissociation of the lithium salt and lower 
the viscosity thereby improving the discharge characteristics 
of the battery. However, when the battery is overdischarged 
in the electrolyte, the organic solvent of the carbonates such 
as PC and EC constituting the organic electrolyte on the surface 


of the active material or on the surface of the car>Mr-p'6wder 
used for conductive agent are decomposed along with lowering v. 
o^^thT^^p^tentiai — -ere — the positive electrode and the 
decomposition product covers the surface of positive electrode 
particles, which subsequently lowers the charge/discharge 
characteristics abruptly. 

Accordingly, while it may be considered to use an organic 
electrolyte not using the carbonates or reducing the amount 
of use but it results in a problem, for example, of lowering 
of the cell voltage as described above. 

In view of the problems in the prior art described above, 
this invention intends to provide an organic electrolyte 
secondary battery with no lowering of the battery voltage or 
the utilization even at high rate discharging . and also 
excellent in the overdischarge characteristic by improving the 
organic electrolyte. 
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Means for the Solution of the Problem 

This invention provides an organic electrolyte battery 
using an organic electrolyte prepared by adding succinic 
anhydride. 

Function 

This invention is based on the idea of an organic 
electrolyte using EC. As has been described above, in the 
battery using the organic electrolyte in which the lithium salt 
is dissolved to the solvent consisting only of ethers, ionic 
dissociation of the lithium salt is insufficient and battery 
voltage lowers at the high rate discharge. EC is solid at a 
room temperature but forms a homogeneous solution when added 
to ethers, for example, 2-Me-THF to provide a mixed solvent. 
Then, it has been known that when a lithium salt is dissolved 
in the mixed solvent, the lithium salt is ionically dissociated 
sufficiently by the function of EC and the discharge voltage 
of the battery increases along with increase of the ionic 
conductivity of the organic electrolyte. This shows that the 
ionic dissociation of the lithium salt is sometimes promoted 
depending on the case, for example, with EC which is solid at 
a room temperature but forms a homogeneous solution when added 
to a solvent having low ionic dissociation ability such as 
ethers . 
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Succinic anhydride is solid at 20°C like that EC. 
However, when it was added to DME or 2-Me-THF , a homogeneous 
solution was prepared. When a lithium salt, for example, 
LiCl0 4 was dissolved to a solution of ethers to which succinic 
anhydride was added, the lithium salt was ionically dissociated 
sufficiently. The battery using the organic electrolyte 
described above, could provide charge/discharge 
characteristics comparable with or superior to existent 
batteries utilizing an organic electrolyte in which a lithium 
salt was dissolved to a mixed solvent of PC or EC and ethers. 
Further, since PC or EC was not used in the organic electrolyte, 
decomposition of PC or EC did not occur even when overdischarge 
was conducted, and subsequent charge/discharge 
characteristics were also favorable. This invention is not 
restricted only to the organic electrolyte not utilizing 
^.feenates-s^fe^s PC or EC. This is because addition of 
Acinic anhydrj^e can reduce the amount of PC or EC in the 
or^TT±c-e-Iectrolyte and the overdischarge characteristics can 
be improved by so much. It is apparent that succinic anhydride 
functions as a solvent of ionic dissociation in the organic 
electrolyte but it is not a solvent. It should be considered 
as an additive to the organic electrolyte. 

Example 

Examples of this invention are to be explained below. 
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(Example 1) 

A disk-shape^Vithium of J?7.5 mm diameter and 0.5 mm 
thickness was used f^ lTeg^e^ ctrode . The theoretical 
filling amount was 247 mAh. 0.4 g of an electrode mix formed 
by adding 10 parts by weight of acetylene black as a conductive 
agent and 10 parts by weight of polytetraf luoro ethylene resin 
as a binder to 100 parts by weight of manganese dioxide 
compression molded to a disk-shape of 17 . 5 n^diSaBTLcJ. H qd used - 
for the positive^lectrode^ The theoretical filling capacity 
of the positive electrode was 103 mAh. A flat battery shown 
in Fig. 1 was constituted by using the positive electrode and 
the negative electrode and the difference of the 
characteristics depending on the difference of the organic 
electrolyte was studied. 

in Fig. 1 are show a battery case 1, a sealing plate 2, 
a negative electrode 3, a separator 4, a positive electrode 

5 and a gasket 6. 

LiClO, is used for the lithium salt of. the organic 
electrolyte and the concentration was set to 1 mol/1 in each 
case. Succinic anhydride was added by 5 mol to 10 mol of DME 
to prepare a homogeneous solution to which a lithium salt was 
dissolved to form an organic electrolyte. The battery using 
the electrolyte is referred to as a battery A. In the same 
manner, a battery using an organic electrolyte prepared by 
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adding succinic anhydride by 5 mol to 10 mol of 2-Me-THF to. 
which a lithium salt was dissolved is referred to as a battery 
B. Further, as an existent example, a battery using an organic 
electrolyte formed by using a mixed solvent of PC and DME at 
5:10 molar ratio to which a lithium salt was dissolved is 
referred to as a battery C and a battery using PC and 2-Me-THF 
at 5:10 ratio is referred to as battery D and a battery using 
a solvent consisting only of 2-Me-THF is referred to as a 
battery E. 

A cycle of discharging at 2 mA down to 2 V and then charging 
up to 3 . 9 V was conducted by 10 cycles for each of the batteries 
and discharging after the 11th cycle was conducted till the 
battery terminal voltage lowered to 0 V. Fig. 2 shows a 
discharge curve at the 15th cycle for each of the batteries. 
It can be seen from the graph that the secondary battery using 
the organic electrolyte with addition of succinic anhydride 
according to this invention can conduct favorable 
charge/discharge cycle even when overdischarge is conducted. 
Further, Fig. 3 shows a discharge curve of batteries at the 
8th cycle before conducting overdischarge. It can be seen that 
the battery B using the organic electrolyte in which succinic 
anhydride was added to 2-Me-THF shows a performance equal with 
or superior to the battery E using the solvent consisting only 
of 2-Me-THF for dissolving the lithium salt and the battery 
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D using the existent mixed solvent of PC and 2-Me-THF for the 
organic electrolyte. 

(Example 2) 

Since succinic anhydride is solid at the room temperature, 
it is necessary to add to a solvent for dissolution for 
constituting an organic electrolyte. For examining the 
addition amount, a battery of an identical constitution with 
Example 1 was prepared and charge/discharge characteristics 
were examined. Solutions were prepared by changing the 
addition amount of succinic anhydride to 10 mol of DME, to which 
lithium hexafluoro phosphate ( LiPF 6 ) was dissolved so as to 
provide a ratio of 1 mol/1 to obtain an organic electrolyte. 
Charge/discharge were conducted under the same conditions as 
in Example 1 . Fig. 4 shows plotting for the discharge capacity 
at the 15th cycle when overdischarge was conducted in the 
battery using the organic electrolyte in which the mol number 
of succinic anhydride added to 10 mol of DME was changed. At 
the concentration of succinic anhydride of less than 1 mol to 
10 mol of DME, lowering of the discharge capacity which may 
be attributable to the insufficient ionic dissociation of LiPF 6 
was observed. On the other hand, if it exceeded 3 0 mol, 
viscosity increased and succinic anhydride was not entirely 
dissolved in DME. Therefore, the ratio between the succinic 
anhydride and DME is preferably from 1:10 to 30:10. 
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(Example 3) 

The effect for the addition of succinic anhydride in the 
presence of PC or EC that decomposes upon overdischarge was 
examined. The battery identical with that in Example 1 was 
used and the kind and the concentration of the lithium salt 
used for the organic electrolyte were also identical . 
Succinic anhydride was added at a ratio of 5 to a mixed solvent 
of PC and DME at 5:10 by molar ratio, to which a lithium salt 
was dissolved to prepare an organic electrolyte. The battery 
using the organic electrolyte is referred to as a battery F. 
As the existent example, a battery using an organic electrolyte 
in which a lithium salt was dissolved to a mixed solvent of 
PC: DME at 5:10 ratio is referred to as a battery G. 
Charge/discharge were conducted under the identical 
conditions in Example 1. 

Fig. 5 shows discharge curve at the 15th cycle upon 
conducting overdischarge. It can be seen from the figure that 
the overdischarge characteristic is improved even when 
succinic anhydride is added further to an existent mixed 
solvent of PC and DME. 

The examples described above show the cases of using Mn0 2 
for the positive electrode active material , but the same effect 
can also be seen in the case of using TiS 2 , Cr 2 0 3 or trichromium 
octoxide (Cr 3 0 8 ) 
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Effect of the Invention 

As has been described above, a battery of excellent 
overdischarge characteristics can be obtained according to 
this invention. 

[Brief Description of the Drawings] 

Fig. 1 is a vertical cross sectional view of an organic 
electrolyte battery as an example of this invention, 

Fig. 2 shows discharge characteristic graphs during 
charge/discharge after conducting overdischarge of batteries 
using various kinds of organic electrolytes, 

Fig. 3 shows discharge characteristic graphs during 
charge/discharge before conducting overdischarge, 

Fig. 4 shows characteristic graph for the discharge 
capacity of a battery when the mol number of succinic anhydride 
added to DME at a molar ratio of 10 was changed and 

Fig. 5 shows discharge characteristic graphs during 
charge/discharge after conducting overdischarge of the 
batteries using various kinds of organic electrolytes. 

A/ B , F batteries of examples according to this invention 

C, D, E, G existent battery 
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Fig, 1 

3 negative electrode 

4 separator 

5 positive electrode 


Fig. 2, Fig. 3, Fig. 5 

Terminal voltage (V) 

Discharge time (hour) 


Fig. 4 

Discharge capacity (mAh) 

Succinic anhydride: DME = X:10 
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